Objective: To introduce practices for improving complementary feeding and evaluate their adoption and association with improved dietary intakes. Design: A quasiexperimental pilot study comparing dietary intakes from complementary foods among three intervention communities and one control community before and after the intervention, and adoption of new complementary feeding practices among intervention communities following the intervention. Setting: Rural subsistence communities in southern Malawi, Central Africa. Subjects: Mothers and their children aged 6 to 23 months receiving complementary foods. Interventions: A participatory, nutrition education intervention based on four locally adapted lessons for complementary feeding practices designed to increase: (i) total complementary food intake; (ii) energy and nutrient density of the complementary diet, and; (iii) iron and zinc bioavailability of the complementary diet. Results: Adoption rates for the four practices ranged from 25% for preparation of enriched porridges, to 10% for preparing soaked, pounded maize. The amount of complementary foods (g/day) and intakes of energy, animal protein, niacin, riboflavin, calcium, iron, and zinc, but not vitamin A, were significantly greater (Po0.05) in the intervention compared to control group, as were the energy, iron, and riboflavin density, and the estimated amount of bioavailable iron and zinc. Conclusions: Several intervention practices were well accepted and adopted and were associated with improved adequacy of energy and nutrient intakes from the complementary diet. Such improvements were attributed mainly to greater total intakes and, to a lesser extent, enhanced dietary quality of the complementary foods.
Introduction
Simple and adequate methods to improve the quality of the complementary diet in low-income countries are urgently required. Inadequacy of the complementary diet likely contributes substantially to the high rates of micronutrient deficiencies, morbidity, and growth stunting often observed among complementary-fed children in low-income country settings (WHO/UNICEF, 1998). Many feeding practices can affect the nutritional adequacy of complementary diets. The total amount of food consumed by young children is affected by feeding frequency (Brown et al, 1995a) , the energy density of the diet (Sanchez-Griñan et al, 1992; Brown et al, 1995a) , the child's appetite (Brown et al, 1995b) , and physico-chemico properties of the food (Bennett et al, 1999) . The dietary quality of complementary foods is affected by their variety, nutrient content and density, and the bioavailability of micronutrients such as iron and zinc (Gibson et al, 1998; WHO/UNICEF, 1998) .
Some studies have successfully used supplementary food allocation to improve the nutritional status of preschool (Walker et al, 1991) and school-aged (Malcolm, 1970; Lampl et al, 1978) children. Nonetheless, the availability of supplementary foods in programs may be sporadic, inappropriate, and not effectively directed to the target population (Beaton & Ghassemi, 1982) . Further, the distribution of food supplements alone does not directly address the full range of factors that affect adequacy of the complementary diet, such as inappropriate feeding practices and behaviours.
There is some evidence that nutrition education interventions to improve the complementary diet can result in increased growth among infants (Caulfield et al, 1999) . For example, in rural populations a positive impact on weight gain in exclusively breastfed and complementary-fed children following the promotion of a variety of improved feeding practices has been demonstrated Guldan et al, 2000) . As no supplementary foods were provided in the latter studies, the results strongly suggest that feeding practices, not just food availability, are limitations to achieving dietary adequacy among these vulnerable groups.
The ability to improve the adequacy of the complementary diet among low-income populations through education may depend on several factors, including the quality of the education program, the acceptability of the proposed changes, and existing resources (Cerqueira & Olson, 1997; Dewey & Brown, 2003) . Research is urgently required to explore the acceptability of different practices for improved complementary feeding and their potential impact on nutritional status of complementary-fed children in a variety of geographical regions.
Therefore, the objective of this study was to introduce a variety of practices for improving complementary feeding through a participatory nutrition education program in rural Malawi, and to evaluate both the acceptability of these practices and their potential impact on energy and select nutrient intakes.
Methods
This study was designed as a pilot nutrition education intervention, evaluated using a quasiexperimental design. It was carried out from January to June, 1999 in three selected intervention villages (Nailuwa, Nduta, and Ntandiwa), and one control village (Maduwani) in Mpilisi rural Extension Planning Area (EPA), Balaka District, in the southern region of Malawi, Central Africa. These communities were selected by local agricultural extension officers on the basis of need, accessibility, and cooperativeness. A modest increase in the intake of iron, zinc, and energy equivalent to 20% of estimated needs from complementary foods for children 9 to 23 months of age was judged to be a reasonable increase from such an intervention. A total sample size of 18, 59, and 101 children would be necessary to achieve statistically significant differences between control and intervention groups for intakes of iron, zinc, and energy, respectively, with 80% power, a ¼ 0.05, and a ratio of control to intervention subjects of 0.6; variability of iron, zinc, and energy intakes used in these calculations was derived from an earlier study of complementary-fed children from this same population (Hotz & Gibson, 2001a) . A lower ratio of control subjects was planned given that collection of assessment data in control communities can be more difficult than in communities where interventions are given.
All mothers with children 4-23 months of age in these communities were invited to participate in the nutrition education component of the study, but only those breastfed children 9-23 months of age were included in the evaluations. Baseline dietary data and socio-demographic data were collected in both the control and intervention communities. The intervention consisted of four education lessons provided to each intervention community over a period of 8 weeks. Home counselling visits were then made 8 weeks after the education lessons ended. At 4 weeks after the home visits, a knowledge, trial, and adoption survey of the new practices was administered in the intervention community, and a cross-sectional dietary survey was performed in the intervention and control communities. Each community was subdivided into smaller working groups of participants (7-23 per group). Community meetings were held to explain the project purpose and methods, and informed, written consent was obtained from the participants. Ethical approval for this study was granted by the University of Otago Human Ethics Committee, Dunedin, New Zealand, and the College of Medicine Research Committee, University of Malawi, Blantyre, Malawi.
The intervention
Four main nutrition education lessons were developed based on recommended practices (WHO/UNICEF, 1998; Dewey & Brown, 2003) ; these are described below. The lessons also took into account specific needs of the population based on an earlier assessment in the same communities (Hotz & Gibson, 2001a) . Five experienced field staff members were trained extensively in general nutrition and specific details of the nutrition messages. Workshops, demonstrations, and written materials were then developed to teach the lessons to community Health Committee members and local Ministry of Health Surveillance Assistants during 2-day workshops. Next, the Health Committee members organized meetings with participants in their designated area and participated in the group lessons. The Health Surveillance Assistants managed preexisting under-five clinics in the study area; their duties included growth monitoring, immunization, and dissemination of health messages.
Lesson 1. Increasing the energy density of porridges: The concept of 'energy' was discussed, explaining to mothers that one way to better feed children is to offer foods that contain more energy. For early infant feeding in Malawi, a thin, watery maize flour porridge (light phala; 7% maize flour; 105 kJ per 100 g) is commonly used instead of the thicker version (hard phala; 10% maize flour; 151 kJ per 100 g) used later (Hotz & Gibson, 2001a) . During the lesson, it was explained that one cup of hard phala contains more energy than one cup of light phala, as more flour is used to prepare it. Thus, a simple way to increase the amount of energy consumed in a meal is to cook phala thicker than usual. A very hard phala was prepared in the demonstration which contained approximately 16% flour by weight, or 259 kJ per 100 g.
For weaning infants, particularly those who are sick, phalas with a lower viscosity may be preferred. Therefore, a demonstration was also given on how to use flour prepared from germinated grains, known as amylase-rich flour (ARF), to reduce the viscosity of the very hard phala to that of light phala. The steps used to prepare very hard phala thinned with ARF are summarized in Table 1 . Mothers observed the consistency of the thinned phala and each was given a sample to try themselves and to offer to their children. Maize and millet ARF were already used in the communities to prepare a fermented, nonalcoholic maize beverage.
Lesson 2. Methods to increase the intake of bioavailable iron and zinc: Two methods to increase the amount of bioavailable iron and zinc from maize flour were introduced. The lesson stressed the absence of adequate sources of iron and zinc in the traditional diet (Hotz & Gibson, 2001a ) and on the importance of these two micronutrients for optimal health and development. Meat, fish, and poultry were noted as very good sources of these two micronutrients that should be incorporated into the complementary diet whenever possible. It was also explained that zinc and iron were present in unrefined maize but could not be absorbed by the body readily without further processing due to their high phytate content. Two soaking techniques to reduce the phytate content of maize, developed specifically for household use in rural Malawi (Hotz & Gibson, 2001b) , were described and demonstrated (Table 1) . Preparation of soaked maize flour is more convenient, but it is only suitable for preparing phala. In contrast, preparation of soaked pounded maize flour, although more involved, is suitable for cooking both phala and nsima, a stiff maize porridge (27% maize flour; 412 kJ per 100 g) consumed with the family meal. Both processes were demonstrated: soaked flour was used to prepare extra hard phala, and nsima was prepared from previously processed soaked, pounded maize flour and served with a small fish relish. Participants and their children sampled each type.
Lesson 3. Enrichment of phalas with energy and nutrient dense foods: Recipe trials were used to teach participants how plain maize porridges could be enriched with additional ingredients to improve their nutritional quality. The recipe trials were preceded by a brief lesson that identified 10 locally available foods with high energy (eg, Z385 kJ per 100 g) and/ or nutrient density, reinforced the concept of 'energy', and introduced the concept of 'nutrients'. The importance of nutrients to health was described and examples were given of how the 10 locally available foods could be incorporated into the young child's diet. Participants were encouraged to choose these foods more often for complementary feeding.
Three subgroups were formed and each was given a different list of ingredients that they could use with maize flour to prepare an enriched porridge (Group 1: egg, banana, groundnut flour; Group 2: red kidney bean flour, egg, banana, vegetable oil; Group 3: dried, whole fish powder, dried pumpkin leaves, tomato, cooking oil). Use of bean flour, at a ratio of one part to four parts maize flour, was mandatory in Group 2, and use of fish powder was mandatory in Group 3. Otherwise, inclusion of ingredients was optional, although participants were encouraged to use a selection and proportion of ingredients that their own resources could realistically provide. They were also instructed to make the phala very thick, as was taught in lesson 1, and to soak the flour prior to cooking to reinforce the practice taught in lesson 2. All ingredients and the resultant porridge were weighed and the energy and nutrient content were calculated.
After the preparation of the phalas, participants were brought together, a volunteer described how the recipe was made, and participants and their children sampled each of the enriched phalas. Group discussions were held to discuss how the participants liked each of the new recipes and which recipe they would try making at home.
Lesson 4. Encouraging children to eat: Although food resources may be restricted at times, children may also need active encouragement to consume adequate portions of food. Suggested methods to accomplish this included being aware of how much the child was eating, serving the child's meal on a separate plate, actively offering the child more food if inadequate portion sizes were consumed, offering nutritious snacks between meals, and trying to offer foods that the child enjoyed. It was stressed that these techniques were particularly important when children were ill or recovering from illness. It was also emphasized that at such times, mothers should continue breastfeeding frequently; detailed advice on good breastfeeding practices (US Agency for International Development, 1990) was given to support this recommendation. The appropriate amount of food for children of specific ages was estimated and expressed as the number of teacups of complementary food per day: 6 to 8 months, two teacups; 9 to 11 months, three teacups; 12 to 23 months, five teacups.
Follow-up visits. Visits were made to a subset of participant's homes with the purpose of offering individual counselling to further encourage mothers to try new feeding practices. The counselling visits were modelled on the Trials for Improved Practices methodology (Dickin et al, 1997) and were conducted by the trained field staff, with a community Health Committee member to assist. A brief assessment of the current complementary feeding practices and diet was made and, based on this information, counsellors selected between one and three recommendations to reinforce from the four lessons. The methods and benefits of the practice were reviewed, and the counsellors then negotiated with mothers as to which they were willing to try, and how often. After 1 week, participants were interviewed again to determine if the agreed-upon practices were implemented.
Evaluation methods
Knowledge, trial, and adoption rates. Knowledge, trial, and adoption rates of the food preparation practices were assessed using questionnaires modelled on the methods of Guptill et al (1993) . The questionnaires were pretested on mothers in the intervention village who attended the demonstrations but who were not included in analyses as their children exceeded 24 months of age. Specific criteria were used for determining positive scores for knowledge, trial, and adoption for each practice. Mother's scored positively for knowledge if when asked, they were able to state independently the correct preparation methods, as listed in Table 1 . For example, a positive score for knowledge was given for enriching phala if mothers could state at least one ingredient used in the recipe trials, and that it was cooked together with the phala. Knowledge could not reasonably be tested for preparing very hard phala; the thickness of this phala was not defined by use of household measures but rather was determined by observation of its viscosity, which would be difficult to test in a questionnaire. Mothers scored positively for trial if they knew the correct preparation method and had used the practice at least once since the beginning of the study. A positive score for adoption was achieved only if mothers scored positive for trial, and had used the practice at least three times in the last week. Additionally, mother's had to show the interviewer that they had soaked, pounded maize flour, or ingredients intended for the preparation of enriched phala present in their home, before they were considered to be adopters for these respective practices. The message regarding encouraging children to eat could not be reasonably assessed by this method.
Dietary assessment. A single 24-h dietary recall interview per subject was used to evaluate intakes from the complementary diet at the group level. The relative validity of this procedure for assessing dietary intakes of preschoolers and pregnant women in Malawi has been published earlier (Ferguson et al, 1989 (Ferguson et al, , 1995 . Details of the interactive 24-h recall method, interview procedures, food composition database, and data analysis procedures have also been published elsewhere (Ferguson et al, 1995; Gibson & Ferguson, 1999) . The 24-h recall interviews were carried out by four experienced and previously standardized field workers, using a standarized protocol, as outlined in Gibson and Ferguson (1999) . To facilitate comparison with WHO/ UNICEF (1998) estimated nutrient needs for complementary-fed children, dietary data were only evaluated for breastfed children 9 to 23 months of age. Bioavailable zinc was calculated using an algorithm presented in Bunch and Murphy (1997) and bioavailable iron was calculated using an algorithm from Bhargava et al (2001) , as modified from Tseng et al (1997) . Nutrient values for foods modified specifically for the intervention were added to the food composition database. Examples included adjustments, based on earlier laboratory analyses (Hotz & Gibson, 2001b) , to the phytate and zinc content of maize-based porridges prepared from soaked flour, or soaked, pounded maize of 43 and 49% for the phytate, and 73 and 77% for the zinc content, respectively, compared to corresponding levels in unprocessed, unrefined maize flour porridges. The content of water-soluble vitamins (vitamin C, niacin, riboflavin) in both types of soaked maize flours was also reduced by 10% to account for possible losses due to soaking. Very hard phala was assumed to contain 16% maize flour by weight, as prepared at the demonstrations. Energy and nutrient contents of enriched phalas were determined by weighing the estimated amount of cooked phala prepared and enrichment ingredients added to the cooking pot, and then weighing the estimated portion of the enriched phala consumed by the child during the 24-h recall interviews.
Energy and nutrient intakes from complementary foods were calculated for 9 to 11, and 12 to 23 month old children, and expressed as a percentage of estimated needs from complementary foods for breastfed infants, assuming average intakes and nutrient composition of breastmilk; the estimated needs used are from Dewey and Brown (2003) as modified from WHO/UNICEF (1998) using more recent data on energy requirements. Energy density (kJ per 100 g) and nutrient densities (amount nutrient per MJ) were also calculated and expressed as a percentage of desired density levels from complementary foods, again assuming average intake and composition of breastmilk (WHO/UNICEF, 1998; Dewey & Brown, 2003) .
Socio-demographic assessment
Socio-demographic characteristics of participants were determined using a pretested questionnaire and used for descriptive purposes, and as potential confounders of comparisons between intervention and control groups. Questionnaire information included household demographics, main occupation and level of education of head of household, source of water, sanitary facilities, household livestock holdings, and housing construction materials.
Data management and analysis. All questionnaire data were entered into Epi-Info 6.0 (Dean et al, 1994) and nutrient intake data were analysed using the WorldFood Dietary Assessment System (University of California, Berkeley, CA, USA). Data were imported into SPSS-PC, 8.0 (SPSS, Inc., Chicago, IL, USA) for descriptive and comparative statistics. Differences in socio-demographic characteristics between control and intervention groups were determined using the w 2 test. As feeding frequency and dietary intake data were not normally distributed (Kolmogorov-Smirnov test, Po0.20), medians (25th, 75th percentile) are presented and data were log-transformed for regression analysis. Postintervention comparisons for dietary intakes between groups were made using linear regression models. Data for postintervention intakes of energy and zinc were used to identify confounding variables following a hierarchical approach. Age, sex, and whether or not mothers considered the child's intake to be normal or unusually low ('unusual intakes') contributed to the predictive power of the model (Po0.1), and were thus included in the final model, whereas intakes at baseline and breastfeeding frequency did not and hence were excluded. Group differences were considered significant where Po0.05.
Results
Participation rates and baseline characteristics Following a census of the villages, 87 and 42 mothers with breastfed children 9 to 23 months of age were eligible to enter the study in the intervention and control villages, respectively. The 24-h recall interviews at baseline were successfully completed for 68 (78%) children in the intervention villages and 37 (88%) in the control village. Participation by intervention participants at each of the four lessons was 74%; on average, each intervention mother attended three of the four lessons. The knowledge, trial, and adoption evaluation was completed for 84 (97%) of the eligible intervention participants. The number of breastfed children 9-23 months of age at postintervention was 97 and 42 in the intervention and control groups, respectively. Postintervention 24-h recall interviews were successfully completed for 71 (73%) children in the intervention villages and 40 children (95%) in the control village. The baseline socio-demographic characteristics and dietary intakes of participants in the control and intervention groups are compared in Table 2 . There were no significant differences in socio-demographic characteristics between the two groups. The baseline dietary intakes of energy and nutrients were similar between the intervention and control group, with the exception that fat intake was significantly greater among children 9 to 11 months of age in the control group.
Knowledge, trial, and adoption rates
The results of the knowledge, trial, and adoption survey are summarized in Table 3 , and compared to the use of the same practices as determined from the postintervention 24-h recall, expressed as the proportion of participants using the practice. Within each practice, knowledge and trial rates were similar. Although we did not test women's knowledge of preparing very hard phala, 58% stated that phala had been prepared thicker than usual; 27% knew how to prepare very hard phala thinned with ARF. The knowledge and trial rates of preparing very hard phala and enriched phala were higher than for the pounded maize or maize flour soaking procedures. One-third of participants correctly stated the five steps for preparing soaked maize flour and had tried preparing it at least once. The most frequently missed steps were the correct proportion of flour to water (39% missed), and stirring the flour and water (46% missed). For the practice of preparing soaked, pounded maize, 23% correctly stated all six steps. Of those who did not, 45% did not know the correct proportion of pounded maize to water, and 61% did not mention the stirring step. Adoption rates for all practices were about half, or less, of knowledge and trial rates.
Postintervention feeding practices and dietary intakes
Postintervention feeding practices were compared between intervention and control groups (Table 4 ). The self-reported breastfeeding and meal/snack frequency did not differ significantly between groups. Approximately three to four meals and one snack were consumed per day. The total meal/ snack frequency did not differ with age, between sexes, or between those with usual or unusual intakes.
Postintervention energy and select nutrient intakes and nutrient densities from complementary foods are summarized by age and treatment group (Tables 4 and 5 ). Data are presented for children 9 to 11 and 12 to 23 months of age to allow comparison with estimated needs and desired nutrient densities. For statistical comparisons, however, subjects from both age groups were combined. The amount of complementary food consumed, and the intakes of energy, macronutrients, and animal protein from complementary foods, were significantly greater among children in the intervention compared to the control group. Of the nutrients presented, intakes of calcium, iron, zinc, niacin and riboflavin, but not vitamin A, were significantly greater in the intervention group. Only the densities of energy (Po0.001), riboflavin (Po0.05), and iron were significantly greater for the complementary diet of the intervention compared to the control group.
The adequacy of nutrient intakes tended to be greater among children 12 to 23 months of age than among 9 to 11 months old infants, with the exception of energy and calcium intakes. The largest deficits for both intakes per day and per MJ were observed for vitamin A among 9 to 11 month old infants only, and for iron and zinc in both age groups, particularly if low bioavailability of iron and zinc was assumed.
The calculated estimates for bioavailability of iron and zinc (as percent), as shown in Table 6 , fell between those There were no significant differences between control and intervention groups for household socio-demographic characteristics, as determined by the w 2 test (PZ0.05). b Dietary data presented as median (25th, 75th percentile). No significant differences were found between groups when tested using a linear regression model controlling for age, sex, and reported unusual intakes. Education and complementary diet in Malawi C Hotz and RS Gibson levels considered to be low (5%) and moderate (10%) for iron, and low (15%) and moderate (30%) for zinc. The percent bioavailability of iron, but not zinc, was significantly higher in the intervention group than in the control group. Nevertheless, the estimated amounts of both bioavailable iron and bioavailable zinc (mg/day) were significantly greater in the intervention compared to the control group. Total energy intakes, energy densities of complementary foods, and intakes of iron and zinc in the control group were compared to intakes by all children in the intervention group, as well as those intervention children whose diets included enriched phala, or very hard phala (Figure 1 ). All of these dietary variables were significantly greater for the children in the intervention group, as well as for users of enriched phala or very hard phala only, when compared to controls.
Discussion
Several components of this short-term, nutrition education intervention designed to improve complementary feeding practices were well accepted and adopted by a population of rural Malawian mothers and their children. Further, use of these practices was associated with increased adequacy of energy and nutrient intakes from the complementary diet among intervention communities. Such improvements were attributed to greater total intakes of complementary food Data presented are medians (25th, 75th percentiles). A linear regression model controlling for age, sex, and reported unusual intakes was used to test for statistical differences between study groups where data from both age groups were combined. Adequacy was determined by comparing median intakes to recommended intakes from the complementary diet, assuming average intake of breastmilk, as presented by Dewey and Brown (2003 and, to some extent, increased nutrient density of the complementary diet.
Of the four practices introduced in the intervention communities, the enrichment of phalas with nutritious ingredients was the most widely accepted; 25% of participants were adopters of this practice. This rate of adoption is greater than that found for a new weaning food recipe introduced in Peru (17%), where similar methods were used Data presented are medians (25th, 75th percentiles). A linear regression model controlling for age, sex, and reported unusual intakes was used to test for statistical differences between study groups where data from both age groups were combined. The percent of desired densities was determined by comparing median intakes to desired densities from the complementary diet, assuming average intake of breastmilk, as presented by Dewey & Brown (2003) . b Desired energy density based on four meals per day and the estimated gastric capacity of growth-retarded children, as presented by WHO/UNICEF (1998). Data presented are median (25th, 75th percentile). A linear regression model controlling for age, sex, and reported unusual intakes was used to test for statistical differences between study groups where data from both age groups were combined. b Percent iron bioavailability was estimated using a logarithm presented by Tseng et al (1997) and modified by Bhargava et al (2001) , which takes into account intakes of haeme and nonhaeme iron, meat, fish, and poultry, ascorbic acid, and phytate at each meal.
c Percent zinc bioavailability was estimated using a logarithm presented by Bunch and Murphy (1997) . The logarithm for zinc bioavailability accounts for the phytate:zinc molar ratio of the diet and intakes of animal protein and calcium. NS, nonsignificant.
to define adoption (Guptill et al, 1993) . Our greater adoption rates may be because our recipes were less rigidly defined than those in Peru, and the practice of enriching phala was not entirely new. Indeed, in the previous year in the same community, 17% of (complementary-fed) children received enriched phalas, compared to 48% after the intervention, indicating the success of the intervention in promoting the use of this practice. The lower proportion of adopters compared to those reporting the use of enriched phalas on the recall day arose in part because 64% of those who knew and had tried the practice at least once, were not yet preparing enriched phalas three or more times per week (Table 3) . Practices involving the preparation of very hard phala and soaking maize flour to reduce phytate content were also well accepted in the intervention communities, where 19 and 23% of participants, respectively, were considered to be adopters. Both of these practices involved fairly simple modifications to current practices. On the other hand, the practice of preparing soaked, pounded maize was adopted by relatively few participants (10%), perhaps because it was somewhat more complex and required more steps (Table 1) . Certainly, the majority of participants (77%) failed to state correctly all of the steps required. Nevertheless, despite the apparent low adoption rate, the proportion of mothers after the intervention reportedly using the practice on the recall day was 44%. One explanation for this large discrepancy is that many participants may have indeed been preparing and using soaked pounded maize flour but they were not correctly following the procedures as taught and, hence, could not be considered adopters. This supports the hypothesis that a major barrier to successful adoption of this practice was the complexity of the process.
In our study, increasing the thickness of phala and encouraging children to eat more food were the two practices with possibly the greatest impact on dietary adequacy. For example, the complementary diets of those children who received a very hard phala on the recall day had a higher content of energy, iron, and zinc, and a higher energy density than diets of the control group or those in the intervention group who did not receive very hard phala on the day of recall. In fully weaned children recovering from malnutrition, increasing the energy density of foods resulted in increased total energy intake for a given feeding frequency (Brown et al, 1995a) . Likewise, higher energy density of breastmilk and formula led to greater energy intakes in breastfed (Perez-Escamilla et al, 1995) and formula-fed (Fomon et al, 1975) children. The adoption rate of the practice to encourage children to eat was not assessed in this study. Nevertheless, intake of both cereal and noncereal foods was higher in the intervention than the control group, by approximately 73 g/child/day for cereals and 107 g/child/day for noncereals. Increasing the thickness of phala consumed would account for the increased intake of cereal foods, whereas the increased intake of noncereal foods may have arisen from encouraging children to eat larger servings.
The intervention resulted in a small but significant increase in the bioavailability of iron but not zinc, as estimated by the algorithms. The somewhat greater intake of meat, fish, and poultry in the intervention group may have contributed to the increase in iron bioavailability. The soaking practices were not implemented by enough individuals to reduce the overall phytate:zinc molar ratio of the complementary diet to o15, a level considered indicative of moderate bioavailability (WHO, 1996) . Indeed, to achieve the latter, the phytate content of all of the maize consumed would require reduction by soaking pounded maize, as suggested by a simulation model (Hotz et al, 2001) .
Some improvements in the quality of the complementary diets were also achieved by the intervention. Significantly Figure 1 Dietary intakes from the complementary diet of Malawian children following a participatory nutrition education intervention. Dietary intakes from complementary foods by Malawian children (9-24 months of age) compared between the control (n ¼ 40) and a nutrition education intervention group (n ¼ 71) and users of enriched phala (n ¼ 34) or very hard phala (n ¼ 21) as assessed by a 24-h recall: (a) energy intake, amount, and energy density of the complementary diet; (b) corresponding intakes of iron and zinc. Data represent adjusted means and significant differences between control and other groups are shown as *(Po0.05), **(Po0.01), ***(Po0.001) as determined by linear regression where the model controls for age, sex, and mother's report of unusual intakes. more animal protein was consumed in the intervention than the control group. Animal source foods, particularly flesh foods, are rich sources of iron, zinc, and sometimes calcium (eg small whole fish eaten with bones), but in low-income country settings, are often consumed in small amounts (Brown et al, 1982 (Brown et al, , 2002 Creed de Kanashiro et al, 1990; Hautvast et al, 1999) . In a US study, fractional absorption of zinc tended to be higher in infants when beef was offered as the first complementary food in place of cereal to infants (Jalla et al, 2002) . Further, because of the higher zinc content of beef, the daily zinc intakes of those infants were also higher than those who received cereal, resulting, in turn, in a significantly greater amount of absorbed zinc from the beef than from the cereal meal. Higher iron absorption and improved iron status have also been demonstrated with greater intakes of meat in infant diets (Engelmann et al, 1998a, b) . Hence, despite the limited intake of animal source foods, even in the intervention group, such an increase (36 vs 21 g/child/day in control group) has the potential to enhance total amounts of iron and zinc absorbed.
Improvement in the quality of the complementary diet in the intervention group was somewhat limited when assessed in terms of nutrient densities; only the densities of energy, iron, and riboflavin were significantly increased. This finding supports the conclusion that the more likely effect of the intervention on adequacy of the complementary diet was via an increase in the total amount of food consumed rather than in the amount of nutrients per unit of energy.
The difference in observed dietary intake between groups may be substantial for some nutrients, as demonstrated by differences in the adequacy of the nutrient intakes from complementary foods between the control and intervention group. For example, the adequacy of niacin, riboflavin, zinc (moderate bioavailability for 9 to 11-month-old children), iron (moderate bioavailability for 12 to 24-month-old children), and energy (12 to 24-month-old children) in the control group was approximately half to two-thirds of their estimated needs (WHO/UNICEF, 1998) compared to about three-quarters to 100% in the intervention group. On the other hand, improvements in adequacy of zinc and iron intakes were limited if low absorption is assumed.
We did not measure breastmilk intakes in this study and hence were unable to evaluate potential changes in breastmilk intake that may have occurred as a result of the increased intake of complementary food in the intervention group. There was a tendency towards decreased breastfeeding frequency in the intervention group, although the difference was not statistically significant. A study of intakes from breastmilk and complementary foods in Thailand reported that for every kcal more derived from complementary foods, breastmilk intake was reduced by 0.28 kcal in 11-month-old children, suggesting that the displacement was not complete (Drewett et al, 1993) . A lower intake of energy from breastmilk may have led to an overestimate of the adequacy of energy intake from the complementary diet in the intervention group. However, considering the problem nutrients in these communities and their average contribution from breastmilk, it is unlikely that a small displacement of breastmilk would put these children at a nutritional disadvantage. For example, breastmilk consumed in average quantities contributes minimally to the dietary requirements of iron (o3%) and zinc (o11%), and contributes less than half of the requirements for riboflavin and niacin, of children 6 to 23 months of age (WHO/UNICEF, 1998).
Several limitations of our study design must be recognized when interpreting these results. As it was nonrandomized, we can evaluate the plausibility, but not the probability that the study intervention resulted in an improved adequacy of the complementary diet (Habicht et al, 1999) . Hence, we cannot establish whether some other confounding factors contributed to the difference in dietary intakes between the two groups. Not withstanding these limitations, three aspects of the study design serve to strengthen the plausibility that the nutrition education intervention indeed contributed to improved dietary intakes. First, the use of a control group enabled us to establish that no differences existed in dietary intakes or in measured household sociodemographic characteristics at baseline. Second, use of the control group at the postintervention evaluation demonstrated that the direction of the difference in dietary intakes observed between the intervention and control group was consistent with the intended effects of the intervention. Third, the knowledge, trial, and adoption survey was complementary to the dietary assessment and there was internal consistency in the results derived from each evaluation. Some mothers may have used the practices on the recall day in an effort to please the interviewer, but the relatively high adoption rates and our stringent criteria for defining adopters indicate that many mothers were using the practices on a regular basis. Nevertheless, caution should be used in extrapolating the dietary results to the community as a whole as participation in this assessment was only 74%. It is possible that only participants who were more highly motivated and apt to change feeding behaviours participated in the 24-h recall interviews.
In conclusion, our pilot study indicates that through nutrition education, participating mothers were able to use existing food resources to improve complementary feeding practices and this was associated with enhanced adequacy of energy and several micronutrients in the complementary diets of their children. Nevertheless, further improvements to the quality of the complementary diet in this population may be limited by the access to high-quality, nutrient-dense foods. Therefore, such a nutrition education program should be combined with other strategies that provide additional micronutrients (eg, fortified complementary foods, micronutrient 'sprinkles', increased availability to animal source foods) to optimize the benefits on the study population. Moreover, such a combined approach should be implemented over a longer time period to demonstrate impact on health outcomes.
